INTRODUCTION
Many difficulties are encountered in detecting estrus by visual observation alone, especially in large herds (9, 14) . This study compares two methods in addition to visual observation. One method was based upon the progesterone content of milk which monitors the function of the corpus luteum. The success of this technique has been reported by several workers (4 to 7, 12) . A second method involved measuring electrical resistance of vaginal mucus associated with changes in estrogen concentrations preceding ovulation. While there is some disagreement about the repeatability of the measurements, the method has been recommended for determining the best time to breed (2, 3, 8, 10, 11, 13) . Palpations of the reproductive organs per rectum also were performed further to characterize the reproductive status of cows.
MATERIALS AND METHODS
Twenty postpartum Holstein cows in the University herd had composite milk samples for progesterone analysis taken every other day for 30 days at the same time electrical resistance of the mucus was determined. A probe of the same design used by Metzger et al. (8) was inserted into the anterior vagina to measure mucus resistance. Milk samples were refrigerated immediately upon collection and subsequently were frozen in a methanol-solid carbon dioxide bath. Then they were stored in the freezer at --20 C until assayed. Progesterone in milk was determined by a radioimmunoassay procedure (1) which was validated in this laboratory for milk, following an extraction procedure (12) suitable for this fluid. An examination per rectum was performed each week, and ovarian structures, uterine size, and uterine tone were assessed. Cows were observed twice daily for standing estrus.
Due to the 2-day sampling interval, some cows came into estrus on the day they were probed and milk was collected. Others came into estrus on the alternate day. For purposes of analysis, data were grouped by 2-day intervals, with days 0 to 1 combined as the day of estrus. To compare cows with different cycle lengths, cows were put on a 21-day cycle basis by combining the first 14 to 15 days after estrus with the 5 to 6 days preceding the next estrus. Progesterone in milk and electrical resistance measurements for cycling cows were subjected to standard analysis of variance and correlation techniques. Cows were random and days fixed.
RESULTS
Fifteen out of 20 cows tested appeared to be cycling normally. Progesterone in milk in these COWS rose sharply 6 to 7 days after the onset of estrus, reached a plateau on days 10 to 11, remained near this plateau for 7 to 8 days, and then declined rapidly about 2 days before the next estrus (Fig. 1) . Differences among days and cows were significant (P<.01, Table 1 ). This follows the pattern described previously (4, 5, 7, 12) . The greater standard error as progesterone rose reflects the fact that individual cows peaked at different rates.
Electrical resistance of vaginal mucus followed a similar cyclical pattern but only increased about 20% from estrus to mid-cycle whereas progesterone increased five-fold. As a consequence, only cows differed significantly in mucus resistance while days of the cycle did not ( Table 1) .
The correlation between progesterone in milk and mucus resistance was .22. This was significant statistically (P<.01, t = 2.77, n -2 = 152), but only about 5% of the variation in one measurement was associated with the other measurement. In a few cows, the cyclical changes in progesterone and mucus resistance were similar, but in many cows mucus measurements were erratic.
Four of the cows examined by rectal palpation appeared cystic. The progesterone of milk in these cows fluctuated randomly and followed no particular pattern. These values are graphed in Fig. 2 with no particular physiological starting point possible. Progesterone in milk for these cows averaged 2.6 ng/ml, which is a little higher than the baseline of 2.0 ng/ml during estrus for the 15 cycling cows.
Mean resistance of vaginal mucus was 44 ~2 for both cycling and cystic cows (with coefficients of variation of 27 and 38%, respectively). The correlation between progesterone in milk and electrical resistance of mucus for the cystic group was r = -.21 (P>.05, t = 1.58, n --2 = 54).
One cows was diagnosed pregnant by rectal palpation 6 wk after breeding. The progesterone pattern on this cow for the first 15 days after breeding followed that shown in Fig. 1 for cycling cows, but subsequently in this cow progesterone was maintained or continued to rise, exceeding 12 ng/ml. Based upon progesterone in milk, this cow was predicted pregnant correctly on day 19. Mucus values were too variable to predict pregnancy although they tended to be high after day 21 of pregnancy.
Evaluation of reproductive status by weekly rectal palpation revealed that cows with cyclic progesterone patterns regularly had developing large or regressing corpora lutea with subsequent ovulations, and thus the results agreed well. Cystic cows generally had persistent structures on one or both ovaries without showing a cyclical pattern. Two of the four cows with no cyclical progesterone pattern and eventually diagnosed as having cysts first were thought to have normal corpora lutea.
DISCUSSION
Of the characteristics studied, progesterone in milk determined every 2nd day was the most informative about the cycle and expected time of estrus and ovulation for each cow. Average progesterone values in milk ranged from a low of 1.8 ng during estrus to a high of 10.1/ml on days 10 to 11 of the cycle. The pattern (Fig. 1 ) was similar to progesterone in blood in cycling cows, but milk contains more progesterone per ml. Assay results can be available within 24 h after milking; so when sampling is frequent, estrus can be predicted prior to occurrence. Visual observation twice daily was the next most informative method. However, cows were not detected in estrus 28% of the time when progesterone in milk and rectal palpation indicated that cows were cycling normally and ovulating. In addition, two heats were reported by regular barn personnel when cows had high progesterone and a mid-cycle corpus luteum. Although the sample is small, visual detection of estrus should be improved to effect high reproductive efficiency. Weekly rectal examinations helped to clarify the physiological state of the animals, especially in noncycling cows.
Electrical resistance of vaginal mucus, as measured in this experiment, was the least reliable method for ascertaining the reproductive status of the animal. Means in ohms ranged from 39.7 during estrus to a high of 49.8 on days 8 to 9. This small difference coupled with the large individual variation (Fig. 1) caused days of the cycle not to differ significantly (Table 1) . Thus, as used, the resistance measured by the probe tended to follow cyclical patterns, but results were too variable to predict estrus accurately on individual cows.
In an attempt to pinpoint more accurately changes with estrus, we probed 33 open cows two or three times daily for several weeks. This produced artifacts as a result of inflammation and, therefore, did not resolve the problem.
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